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OCO-2 SIF tower-based photosynthesis observation

Sun et al., 2017, Science
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Figure 1: The distribution of the spatial resolution of ground footprint, revisit time, and record 
length of existing (color) and future (grey) missions that have the capability of SIF retrievals. 
The trade-off between spatial- and temporal- resolution is demonstrated. Among the existing 
missions, OCO-2 is the most recent and has the finest spatial resolution (along the orbital tracks 
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Figure 1: The distribution of the spatial resolution of ground footprint, revisit time, and record 
length of existing (color) and future (grey) missions that have the capability of SIF retrievals. 
The trade-off between spatial- and temporal- resolution is demonstrated. Among the existing 
missions, OCO-2 is the most recent and has the finest spatial resolution (along the orbital tracks 
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NASA MEaSUREs 2017: 
Multi-decadal Time Series of Vegetation Chlorophyll Fluorescence and 

Derived Gross Primary Production

Science Focus/Objectives
1. Create a 25 year (1996-2020) global 

observation-based SIF ESDR
2. Create a 25 year global GPP ESDR based 

on upscaled SIF
3. Deliver quantified uncertainties for SIF 

and GPP

Approach to ESDR Development
1. Orbital SIF (L2): Ongoing retrieval algorithm 

development for GOME-1/2, SCIAMACHY, 
GOSAT, OCO-2, and TROPOMI; cross-sensor 
calibration anchored by OCO-2 cal/val to 
tower/airborne network

2. Enhanced SIF (L3): Data fusion methods (ML 
and Geostatistics) to merge calibrated SIF with 
ancillary veg and env data for global 
continuous and network targeted products  

3. Global GPP (L4): Upscaling of SIF to GPP using 
biome specific relationships at flux towers

Development and Delivery Schedule
1. Orbital SIF: Deliver prelim datasets based 

on current retrieval algorithms to ORNL 
DAAC sandbox by June 2019 (maybe by 
AGU). Focus on consistency of format and 
variables across sensors. Make publicly 
available via MEaSUREs website by June 
2021. Update with algorithm 
development and sandbox feedback. 

2. Enhanced SIF: First release by June 2020
3. Global GPP: First release by June 2021. 
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Science Value
• Combines independent SIF retrievals from multiple 

satellites into a harmonized, multi-decadal record 
of SIF and GPP spanning the period 1996-2020. 
• Combination of multiple vegetation remote sensing 

measures provides the means to address 
outstanding science questions in the growing SIF 
community, including:
• What is the true temporally and spatially 

integrated SIF?
• How valid is the linear theory of SIF to GPP?
• What are the current rates and trends of global 

SIF and GPP?
6



Development Approach

• Start from existing research-grade retrieval algorithms for each instrument

• Reformat existing products (GOME2, SCIAMACHY, GOSAT, OCO2, TROPOMI) and 
deliver to ORNL sandbox

• Decide on common format, variables, corrections, and post-screening filters
• Leverage small OCO-2 footprints to calibrate multi-year OCO-2 retrievals against 

canopy level measurements from tower and airborne sensors. 

• Match OCO-2 overpasses to tower/airborne data using target mode collection and 
machine learning (network targeted sif)

• Cross-calibrate retrieval algorithms for other sensors against OCO-2, anchoring 
production of back-calibrated time series

• Ensure that same L1 radiances are used for multiple products derived from 
same sensor

• Use data fusion to map MODIS veg reflectance and MERRA-2 environmental 
reanalysis into harmonized SIF for global and network target SIF products

• Analyze network targeted SIF against tower GPP measurements to establish biome 
dependent SIF/GPP relationships

• Combine tower relationships with global calibrated SIF for global upscaled GPP
7



Figure 5 and Table 1. Locations of SIF tower sites in NA,
overlain in the figure on a map of OCO-2 SIF (May-Aug, 2015).

Location Code Location Time	Period Biome Collaborator Org

California, US* SMO 34.1°N,	118.7°W Mar	16	– Jul	16 Shrub J.	Stutz UCLA

Maine,	US** HO1 45.2°N,	68.7°W Jun 16	– Dec	19 Evergreen	Needleleaf D.	Hollinger USFS

Illinois,	US** BO1 40.1°N,	88.2°W Aug	16 – Dec	19 Corn,	Soybean K.	Guan UIUC

Michigan,	US** UMB 45.5°N,	84.7°W Jun 16	– Dec	18 Deciduous	Broadleaf G. Keppel-Aleks UMich

Colorado, US** NR1 40.0°N,	105.5°W Mar	17	– Dec	19 Evergreen	Needleleaf C.	Frankenberg CIT

New	Mexico,	US** MPJ 35.4°N,	106.2°W Mar	17	– Dec	19 Shrub (Pinyon-Juniper) M.	Litvak UNM

Virginia,	US** UVA 38.1°N,	78.8°W Mar	17	– Dec	19 Deciduous	Broadleaf X.	Yang UVA

Alaska,	US** ICT 68.6°N,	149.3°W Mar	17	– Dec	19 Shrub (Tussock	Tundra) E.	Euskirchen UAF

Virginia,	US*** UVA 38.1°N,	78.8°W Mar	17	– Dec	19 Deciduous	Broadleaf X.	Yang UVA

Saskatchewan,	
Canada***

OBS 54.0°N,	105.1°W Mar	17	– Dec	19 Evergreen	Needleleaf A.	Black UBC

*No	Longer	Operating
**	Externally	Funded

***	Proposed

Niwot Ridge, Colorado
Installed May 2017

Toolik, Alaska
Installed June, 2017

Ames, Iowa
Installed May 2017

Twitter.com/Photo_spec

SIF Tower 
Network

Charlottesville, Virginia
Installed June 2017



Intercomparison of FluoSpec & PhotoSpec: 
Old Black Spruce, Spring 2018 

Barrow, Alaska
ABoVE Airborne Campaign 
Summer 2017 

FluoSpec2
PhotoSpec

PhotoSpec will 
scan field of view 
of FluoSpec2 to 
determine leaf-
to-canopy scaling



Daily global snapshot from TROPOMI

Nov 29, 2017Courtesy Christian Frankenberg and Philipp Kohler, Caltech



CFIS flights within OCO-2 Field of View

Sun and Frankenberg et al., Science, 2017

CFIS Flights in 
Iowa during 

SMAPVEX (2015)



ABoVE CFIS 
flights: 2017



OCO-2 Targets: April 2018



Global, Continuous, 
Gap-Filled SIF

- Gap filling
- High spatial 

resolution
- Reduced 

uncertainty in 
well observed 
regions and 
along satellite 
tracks

Data Fusion of 
MODIS FPAR and 
Calibrated SIF
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